Introduction: Studies assessing the influence of postural stability on body posture are very important in postural diagnosis and re-education. Aim of the research: To analyse the relationship between body posture and postural stability.
Introduction
Proper and stable posture is an indicator of biomechanical efficiency, muscle balance, and neuromuscular coordination [1] . It develops on the correct morphological and functional basis. This means that the following are necessary: proper structure of the bone-joint system, the correct length and flexibility of soft periarticular components (fascia, bags, ligaments), and above all, correct functioning of antigravity muscles. According to the concept of neurodevelopment, body posture is considered as the effect of central regulation system efficiency, which is dependent on the antigravity system.
Medical Studies/Studia Medyczne 2019; 35/1
It develops gradually in the first year of life and consists of proper: postural tension, postural and motor patterns, sensory information, and reciprocal innervation [2, 3] . It provides the ability to actively oppose the power of gravity, allowing one to perform all movements, including efficient movement in a manner characteristic for a given stage of motor development [4, 5] . A characteristic feature of posture is vertical positioning of the body axis in relation to a small support plane. Such orientation in the gravitational field causes a person to be constantly exposed to loss of balance. Therefore, it is necessary to constantly perform corrective movements, restoring the proper position of the centre of gravity relative to the support plane. The morphological base of regulation is the organ of movement; the controlling function is performed by the nervous system [6] . Postural stability is the ability of joints to restore and maintain proper balance by compensating for the forces acting on the body. It is related to dynamic capabilities and properties as well as characteristics of all the systems involved in maintaining balance [7] . Stability assessment is enabled by analysis of the signal representing the application point of the centre of pressure (COP) resultant force. This signal is a superposition of centre of gravity (COG) with corrective effects of the movement apparatus, aimed at providing a stable standing position [8] . The focal mechanisms maintaining balance are anticipation adjustments and corrective postures that have a significant impact on the adoption of correct posture.
Aim of the research
The aim of the study was to answer the question of what relationship exists between the posture of the body and postural stability in girls aged 10-12 years.
Material and methods
The research covered a group of 142 girls aged 10-112 years from the Świętokrzyskie Province. The most numerous group included 10-year-old girls, comprised of 65 (45.77%) participants, then the 11-year-olds -47 (33.1%) individuals, and the least numerous group included 12-year-old girls -30 (21.13%) persons.
The average height of the examined girls at the age of 10 years was 143.44 cm, the average body weight reached 36.33 kg, while the average body mass index (BMI) was 17.62 kg/m 2 . In the group of 11-year-old girls, the average body height was 150.7 cm, the average body weight of the subjects was 40.18 kg, and the BMI reached the average value of 17.53. Among girls aged 12 years, the mean body height was 160.2 cm, the average body weight was 47.66 kg, while the BMI index reached the average value of 18.48.
The selection of subjects was done randomly, in accordance with the principle of randomisation, after prior determination of the criteria to be complied with by each group. Prior to the research, its purpose, course, and duration were determined. Then, the child's parents gave written consent for participation in the study. All research procedures were carried out in accordance with the 1964 Declaration of Helsinki and with consent of the University Bioethics Committee for Research at Jan Kochanowski University in Kielce (Resolution No. 5/2015).
Body posture examination
Body posture was assessed using the Diers Formetric III 4D optoelectronic method. The method allows photogrammetric video registration of the back surface using a raster stereography process [9] [10] [11] . Based on the obtained data, a precise three-dimensional model of the back surface was created [12] . The essence of the device is analysis of the back form. Taking anatomical and biomechanical assumptions of the model into account, it was possible to calculate permanent anatomic points, spine curvatures and parameters of spatial trunk forms [13, 14] . The following parameters were used to describe the body posture of the examined girls: -trunk length VP-DM (mm), the length measured from vertebra C7 to the medial point between lordotic dimples, -trunk length VP-SP (mm), the length measured from vertebra C7 to the beginning of the gluteal cleft, -trunk inclination VP-DM (mm), the difference in height between VP (vertebra C7) and DM (medial point between lordotic dimples DL-DR) relative to the vertical plane, with a positive value of the variable, VP is more in front than DM, -trunk inclination VP-DM (°), the difference in height between VP (vertebra C7) and DM (medial point between lordotic dimples DL-DR) relative to the vertical plane, with a positive angle value, VP is more in front than DM, -inflection point ICT (mm), is the cervico-thoracic point of inflection, i.e. the point of highest inclination of the surface within the cervical segment (above the kyphosis peak), -kyphotic apex (VPDM) (mm), is the rear end of the sagittal profile within the thoracic segment of the spine, -inflection point ITL (mm), it is the thoracic-lumbar inflection point, i.e. the point of highest negative inclination of the surface in the area between the kyphosis peak and lordosis peak, -lordotic apex LA (VPDM) (mm), is the frontal peak of the sagittal profile in the lumbar area of the spine, -inflection point ILS (mm), is the lumbosacral point of inflection, thus the highest positive inflection point between the peak of lordosis and sacral kyphosis, -kyphotic angle ICT-ITL (max) (°), is the maximal angle of kyphosis measured between the tangible of the surface of the ICT upper inflection point near VP and the ITL lumbosacral inflection point, -kyphotic angle VP-ITL (°), is the kyphosis angle between VP and the lumbosacral point of ITL inflection, -lordotic angle ITL-ITS (max) (°), is the maximal lordosis angle measured between tangibles of the lumbosacral area inflection point of ITL and the lower lumbosacral ILS inflection point, -lordotic angle ITL-DM (°), is the angle of lordosis measured between tangibles of the surface of the lumbosacral point of ITL and DM inflection [15] .
Postural stability testing
Analysis of postural stability was carried out using the Biodex Balance System balance platform. The device assessed the ability to maintain posture on a stable surface. The analysed parameters were: -Overall total stability index (SI), reflecting variability of the platform's position from the horizontal plane, expressed in degrees, during all movements performed in the test. A high value indicates a large number of movements performed during the test. -Anterior/posterior stability index (A/P), reflecting variability of the platform position for movements in the sagittal plane, expressed in degrees. -Medial/lateral stability index (M/L), reflecting variability of the platform position for movements in the frontal plane, expressed in degrees [16] . Body posture examination was carried out with the DiCAM programme using the average measurement, consisting of a sequence of 12 pictures that, by creating an average value, reduce postural variance and thereby improved the clinical value of the study [17] . During measurements, the patient was undressed to shorts that exposed part of the buttocks. The girls who had long hair put it up so that the cervical part of the spine could be seen.
During postural stability analysis, the Postural Stability Test was performed with both feet on a stable surface and with open eyes. The test consisted of three samples. The duration of the test was 20 s, separated by 10-second intervals. The patient's eyesight during the examination was focused on the monitor screen, where a characteristic dot appeared (COP) -Centre of Pressure, the symbolic representation of the Centre of Mass (COM). The subject's task was to balance the body so that the dot (COP) remained in the middle of the circle visible on the monitor at the point of intersection of the coordinate axes [18] . Patient scoring in the postural stability test depended on the number and size of COP deviations per unit of time. This means that the lower the result, the better the postural stability.
Statistical analysis
The independent variables were parameters of postural stability, while the dependent ones were body posture parameters. People with postural disorders generally show higher values of all the abovementioned parameters. Variables were verified in terms of normality using the Shapiro-Wilk test. The interdependence of scale type features was investigated using Spearman's correlation test. Statistical significance was assumed at the level of p < 0.05.
Results
Along with the increase in the overall stability index, there was an increase in the value of kyphosis peak KA (VPDM) (R = 0. VP-DM (R = -0.24; p = 0.004) ( Table 1 Table 3 ).
Discussion
The development of incorrect posture and postural control itself is associated with abnormal sensory ex- periences, lack of proper postural tension or correct postural and motor patterns, as well as abnormal mutual innervation. It disrupts the central stabilisation of a child's body and its postural structure [19] . This was confirmed in the research by Bucci et al. [19] , who analysed the role of proprioception in the balance of body posture among children with squint before and after alignment of visual axes. The results showed that after alignment of the visual axes, posture stability is enhanced, which suggests the main role of visual input in postural control compared to proprioceptive information. Similar conclusions were presented in the reports by Lions et al. [20] , who compared the influence of proprioceptive information during postural control in children with squint and healthy children. The measurements were conducted with the Techno Concept platform using the Romberg and the Tandem tests. In both tests, the length, area, and average speed of the COP signal was significantly higher in children with visual impairment than in the control group. This means that children with squint are less stable than healthy children, and in postural control they predominantly use proprioceptive information. The results of research conducted by Gouleme et al. [21] on the importance of visual information in the postural control of dyslexic children indicate higher COP in children with the disorder, especially when assuming an eyesclosed position on an unstable surface, compared to the healthy population. This means that the impairment of cerebellar integration of all sensory inputs is responsible for postural deficits. Studies on the development of deaf children also indicate weaker stability control compared to healthy individuals. An example may be the results of research conducted by Ebrahimi et al. [22] , the aim of which was to establish credibility and compare the static postural control of deaf children with that of normally developing peers. The study was conducted in two phases on 81 children aged 7-12 in Tehran schools. The Posturography Synapsys System (SPS) was used for measurements. During the first phase, the reliability of the static equilibrium assessment was examined, and then the static equilibrium of 30 children with sensorineural hearing loss (SNHL) was compared to a control group of 37 healthy children. The results showed that the limits of stability (LOS) and values of the children's overall stability index with typical development were better than those of deaf children. In addition, deaf children had lower static posture control in all sensory states. Many researchers point to the desirability of using postural re-education exercises to improve balance through biofeedback on balance platforms. JankowiczSzymańska and Mikołajczyk [23] reported on the relationship between the body posture of school-age children and the use of exercises with balance platforms, confirming that regular exercises on an unstable surface improve body shape and prevent the occurrence of postural defects. Similar conclusions are presented by Maciaszek et al. [24] , analysing the impact of sensory integration therapy among children aged 4-6 years, who were unable to maintain a stable position on one leg for 20 s. The subjects were divided into two groups, one of which was a research group subjected to sensory integration therapy, and the other a control group. The results of the experiment showed that the ability to stand on one leg significantly improved (p < 0.01) in the group undergoing therapy. Similarly, changes were observed when standing with closed eyes. The conducted research shows a significant influence of sensory integration therapy (SIT) on children with low levels of postural stability.
In the literature on the subject, information on central nervous system dysfunctions is presented in connection with the discussion regarding normal and abnormal motor patterns [25] [26] [27] The same authors analysed the relationship between parameters of body posture and postural stability among people training qigong [28] .
Our research indicates a number of dependencies between body posture and postural stability parameters. Direct proportional correlations have shown that with the increase in posture stability, the values of postural variables also increased, which means that worse postural stability correlates with worse posture. Inverse proportional dependencies can be explained by the strategy of the hip joint, which causes the torso to tilt forward with the flexion of the hip joint.
It should be remembered that Spearman's correlation is one of the non-parametric measures of statistical dependence between random variables. It is not always a causal relationship. It does not indicate unambiguous connections between variables. Due to the very large number of factors, interactions between variables, and the cross-sectional nature of the empirical material, it is not possible to clearly indicate specific types of postures, which depend on the parameters of postural stability.
In addition, a large obstacle in comparing the results of this study with the outcomes of other authors is often related to the different methodology of con-ducted research, as well as the use of different measures, equations, and boundaries between postural defects and correct posture.
Conclusions
Demonstrating the links between parameters of body posture and postural stability indicates the need to include exercises in the field of central stabilisation regarding postural re-education programmes, which is the basis for obtaining a coordinated and ergonomic body system. For this purpose, exercises should be used to improve the proper posture habit in relation to the setting reactions and balance with the use biofeedback on the stabilometric and dynamographic platforms.
